/  AD-A106  392 


UNCLASSIFIED 


CALIFORNIA  UNIV  SAN  DIEGO  LA  JOLLA  DEPT  OF  PSYCHIATRY  p/6  S/10 

SLEEP  LOSS  EFFECTS  ON  CONTINUOUS  SUSTAINED  PERFORMANCE:  BEHAVIO— ETC (U) 
OCT  81  0  F  KRIPKE*  P  A  FLECK*  D  J  MULLAnEY  N00014-79-C-0317 


10639 


MCyftit*  tMt 


tOQMUNTATtON  PAM 


Denial  F./Bripk*.  Paul  A.^Pleck,  Daniel  J 
Wllanay^^B  mdMl  L.jtevy 


pufMimt  mtw m mi  Ma  iiium 
Department  of  Psychiatry  (M-001) 
University  of  California,  Saa  Diego 
U  JolU,  Callforaia  920*3 


’  COOTMOI  lim*  turn  IM  MlO  IMMM 

Office  of  Maval  haaaarch  (Coda  441) 

Department  of  the  Davy 


14- 79-C-Oll 7 


■00014- 79 -C -Oil 7/KBIPVX 
Nt  201101 


Distribution  uallalod 


'■*  0>tTMt»uTio«  ITkTtMuT  rm4  ■» 


»•»  ««t|| 

To  W  published  in: 


Neadlawlcs,  J.  (Id),  Biological  Bhythns  and  Behavior. 
^lo^ical  Psychiatry.  larger,  Baael,  Switzerland, 
1912,  la  press. 


Rhythn,  Basic  Beet-Activity  Cycle, 

Sleepiness,  Feeding 


About -90-«inMte  cycles  is  various  waking  behaviors  have  been  described.  In¬ 
cluding  a  90-ndaut*  alternation  la  hsnlspharlc  dost  nance.  To  confine  this  find¬ 
ing,  11  healthy  young  subjects  were  isolated  for  10  hours.  Lettsr-natckl^  and 
spatial  dot-natchiag  tasks  were  adnial stared  every  10  aiautae,  while  aleeplaaae, 
fantasy,  eat lag,  and  drlaklag  wars  also  aonltored.  Ho  about-90-nlauta  cycle  In 
let ter-nstchlag,  dot-natchiag,  or  thsir  ratio  was  found,  but  weak  evidence 
appeared  for  cycles  la  eating,  drlaklag,  and  rest roan  trips. 


ceitien  m*  *  nevts* 
mmiii  s  >4  east 


tinea  Kleii 


first 


hypothesis  that  Am  U  a  "Basic 


Bast- Activity  Cycle,"  (MAC),  (1),  several  gimps  Base  searched  far  Ms- 
▼tarsi  tap  tea  a  leas  sf  this  cycle  is  waking  life.  Quite  a  variety  ef  Mi 
vleral  cyclee  with  periods  ef  abase  *0  si as tea  base  baas  described.  Par 
example,  Priadnea  aai  Fisher  (2)  described  a  rbytba  la  oral  babavtars. 
Globas  at  al.  reported  about-90-ed.nuta  thythm  la  tbs  Barscbacb  rasyaasaa 


sad  la  activity  (3,4).  La  via  r sported  rbythaa  la  tbs  spiral  after-effect 


illusloa  aad  la  esrtala  performance  tasks  (3.4) •  Iripke  (7)  found  10-20 
cycla/day  frequencies  la  BBC  Manures  aad  la  lever- presses  for  aster  aa mm 


isolated  subjects.  Kripbe  aad  Soaneae chela  (•)  described  such  a  rhytha  la 
subjective  fantasias. 


Those  positive  reports  nust  be  taken  with  a  grain  of  salt,  beeauee  nost 
of  these  studies  (including  our  owe)  had  rather  few  subjects,  sons  weak¬ 


nesses  la  statistical  techniques ,  and  partially  equivocal  results.  In  addi¬ 
tion,  there  has  been  difficulty  In  replicating  sons  of  the  results.  For 


la,  is  further  replications  la  our  laboratory,  we  have  not  consistently 


found  a  90-ninuta  rhytha  in  fantasias  —  the  spectral  peak  is  closer  to  one 
cycle  per  180  minutes  when  results  fron  about  30  separate  subjects  are 


averaged. 


igatlve  findings  should  also  ba  noted.  For  esaaple,  we 


found  that  there  Is  no  90-mlnuta  rhytha  la  gross  activity  Itself  (9).  Thue,  if 
there  are  90-ainute  cycles  in  sons  behaviors,  gross  activity  Is  a  poor  rep¬ 
resentative  and  "basic  rest-activity  cycle"  Is  a  nisnoner.  Also,  It  has 
been  shown  that  the  about- 90-ni nute  cycle  in  stomach  contractions,  first 


reported  by  Made  (10),  is  not  relatad  either  to  Stage  REM  sleep  or  to  day- 
tine  fantasias  (11,12).  Thus,  we  nust  consider  that  there  are  multiple 
pacemakers  with  about  the  same  frequency,  and  we  becom  obliged  to  sort  out 


which  is  which  (13). 
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One  of  tk m  Mat  intriguing  teerlptloM  of  N-«iMta  eye  loo  has  bMt 
tha  report  of  Kioto  and  tnltapo  (14),  oho  tooertM  o  "il*-howr  ooelllotftoo 
to  cognitive  stylo."  Hn  simultaneous  matching  tasks  ooro  tested,  which 
aaofo  thought  to  rofloet  uy  trlcol  hemispheric  specialisation.  A  Mitel 
took  rofidrW  deciding  teothor  polra  eooolotlOB  of  oao  uppercase  sod  ooo 
lcworeooo  lottor  represented  tho  boss  lot  tor  of  tho  olphobot.  A  spotlal 
perception  took  required  a  doelsloo  os  to  whether  pairs  of  seven- dot  randoo 
pattoroa  ooro  ldoatlcal.  Rospoaoos  ooro  roeordad  olth  pa par  oad  pencil, 
lack  took  oaa  porfonsad  for  3  olmitaa  ovary  13  sdnutoo  for  8  hours.  IlyHt 
young  aubjocts  ooro  too tad  togothor  to  a  rooa  on  a  single  day  and  tho  exper- 
laontora  ooro  apparently  prasant  during  the  tasks.  Spectral  peaks  were 
described  at  frequencies  of  approximately  1  cycle  per  96  nlnutoo  In  both 
tasks,  however,  tho  96-mlnuta  peak  o as  neither  tho  only  significant  spectral 
peak  nor  the  aoot  prowl nont .  Porfomanca  varied  Inversely  between  the  taako. 
kosults  were  Interpreted  ao  ouggsotlng  a  BRAC-llko  cycle  In  hoaisphorlc 
dowlnanco. 

Excited  by  this  report,  oe  decided  to  rapes t  the  study  with  certain 
elaborate  precautions  Including  isolation  of  subjects,  conpu tori sod  testing, 
and  control  of  Motivation. 

METHODS 

Eleven  young  volunteers,  3  females  and  8  males  (ages  18-32)  served  as 
subjects.  All  were  students  recruited  by  advertisements .  All  wore  right- 
handed  and  from  right-handed  families. 

A  microcomputer  system  was  employed  to  present  performance  tasks,  regu¬ 
late  the  timing  of  tha  performance  trials,  score  performance  and  reward  sub¬ 
jects,  and  record  the  results.  There  were  three  different  tasks  and  5  sub¬ 
jective  measures  during  each  10-minute  Interval.  First,  for  3  minutes,  a 


l«tt«r*Mtehll|  tuk  with  upptreiit  and  lowtrciM  la  tears  was  displayed  os 
ths  coaputer  ecreea.  Subjects  worked  ss  rapidly  as  yoaaibla.  responding  by 
typing  NSM  os  cha  keyboard  if  tha  la t tars  wars  the  saae  aad  T  if  ebay  ware 
diffaraat.  A  harsh  sound  provided  negative  feedback  for  errors.  Mast,  for 
3  aiautaa,  pairs  of  random  7-dot  patterns  wars  displayed,  soaa  identical 
aad  soas  diffaraat,  aad  "SN  aad  "D"  reapoases  were  again  required  ead  feed¬ 
back  gives.  Hast,  for  3  alnutaq  a  brief  au toasted  version  of  ths  Wilkinson 
Auditory  Vigilance  Task  was  presented  (IS).  Xa  the  last  alnute,  subjects 
were  asked  to  give  visual-analog  self-ratings  on  sleepiness  aad  attaatlon- 
faacaay  scales  aad  to  indicate  how  auch  they  had  had  to  eat,  how  aueh  they 
had  had  to  drink,  aad  whether  they  had  visited  the  restrooa  during  the  prior 
10-aluute  interval.  Since  it  was  possible  to  respond  to  these  latter 
queries  within  about  IS  seconds,  approximately  AS  seconds  was  provided  for 
rest,  snacking,  and  restrooa  tripe  before  rasunption  of  the  task  presenta¬ 
tions  .  Pood  in  snack-elsed  quantities  aad  non-caf felnated  beverages  were 
provided  ad  lib,  but  die  task  presentation  was  not  halted  for  eating,  drink¬ 
ing,  or  restrooa  nseds.  Drinks  were  quantified  in  30  cc  cupe  and  snack 
foods  were  assigned  arbitrary  units. 

Subjects  were  paid  $2.00  per  hour  for  pertldpatloa  in  the  experlaent 
plus  up  to  an  additional  $2.00  per  hour  based  on  the  excellence  of  their  per¬ 
formance.  After  each  3-alnute  task,  and  again  at  the  end  of  each  10  alnutas, 
the  coaputer  informed  the  subject  how  auch  s/he  had  earned  as  well  as  die 
hourly  earning  rata  achlaved.  Thus,  the  coaputer  supplied  continuous  feed¬ 
back  to  maintain  tha  subjects'  interest  and  motivation. 

Subjects  as  da  an  initial  visit  to  tha  laboratory  to  learn  about  the 
experiment,  sign  voluntary  informed  consent,  aad  practice  the  tasks  to  fam¬ 
iliarise  thews el vee  with  tha  experlasntal  setting.  A  few  days  later,  they 
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rtturwd  to  the  laboratory  a  ad  worked  continuously  at  da  performance  taaka 
for  a  10-hour  period  f roa  approximately  1:00  A.M.  to  4:00  P.M.  lack  subject 
worked  alooa  la  a  lighted  3  a  3.5  a.  rooa.  Other  thaa  brief  via Its  by  w 
perlaeaters  to  repleatlsh  the  food  aad  aoaltor  any  equipment  dlfflcoltloe, 
each  subject  was  uadis  Curbed .  Subjects  mire  permitted  to  briefly  leave  the 
laboratory  to  visit  the  res trooa. 

Six  scores  for  each  per forme ace  were  obtained  each  hour*  or  40  over 
the  course  of  each  10-hour  experl aant.  To  examine  for  rhythmic  processes , 
the  means  from  each  tins  series  were  removed  aad  the  autocorrelation  func¬ 
tions  end  banned  spectral  transforms  computed  with  a  spectral  resolution  of 
0,  4.6,  9.2,  14.4,  18.0.... 64. 4  eye lea /day  (16).  A  spectral  peak  at  one 
cycle  per  100  minutes  or  14.4  eye lee /dey  was  prospectively  predicted.  For 
the  group  of  subjects,  the  mean  and  confidence  limits  of  the  individual 
spectra  were  computed  for  each  variable.  Product-moment  correlations  among 
variables  were  also  computed. 


RESULTS 

Most  subjects  performed  steadily  and  relatively  consistently  throughout 
the  study.  It  was  necessary  to  excuse  one  male  subject  when  it  was  discov¬ 
ered  that  he  was  taking  frequent  breaks  from  the  tasks  and  not  complying 
with  the  protocol.  Thus  data  for  10  subjects  were  analysed.  Subjects  per¬ 
formed  the  Wilkinson  Auditory  Vigilance  Task  without  error  In  the  majority 
of  3-mlnute  test  Intervals,  so  these  data  could  not  be  analysed  for  changes 
over  time. 

The  letter-matching  and  dot-matching  tasks  were  substantially  correlated. 
Taking  die  s-transform  of  r  (the  product-moment  correlation  coefficient)  to 
obtain  the  mean  for  the  group,  an  average  positive  correlation  of  r^>.59  was 
found  (t«5.90,  p<0.002  for  die  naan  correlation).  Neither  the  sleepiness 
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■or  futMy  rttlagi  wore  significantly  correlated  with  althar  dot-natchlng 
or  lettsr-aatchlag.  Kestrooa  trlpa  had  a  aaall  negative  correlation  with 
let ter- aatchlng.  only  (r»-0.25,  t-2.24,  p<0.05),  but  obvlouely  could  not 
account  for  auch  covariance,  gating  and  drinking  were  not  algnlflcantly 
correlated  with  either  teak  performance. 

Plota  of  the  perforaance  and  aubjectlve  raaponaea  of  each  subject 
ehowed  no  lapraaalve  cyclicity  in  the  range  of  80-120  alnutea  In  any  aeaaure. 
The  apectre  for  letter-aatchlng  and  dot-aatching  peaked  In  the  4.8  eye lea/ 
day  band  (1  cycle  per  300  aln)  and  dropped  off  rapidly  at  higher  frequen- 
clea  (Plgurea  1  and  2) .  The  apectrua  for  the  ratio  of  letter-aatchlng  to 
dot-aatching  perforaance.  repreaentlng  the  relative  perforaance  In  the  two 
taaka.  alao  peaked  at  4.8  cyclea/day,  but  the  spectral  variance  waa  as  great 
In  the  slowest  frequency  band  (0-2.9  cyclea/day).  The  spectra  for  sleepi¬ 
ness  and  the  attention- fantasy  scale  also  peaked  In  the  0-2.9  cycles /day 
hand.  For  both  eating  and  restrooa  tripe,  the  spectra  were  rather  flat,  and 
there  waa  no  frequency  significantly  exceeding  the  expectation  for  randoa 
variance,  however,  the  greatest  spectral  aaplltudes  were  In  the  14.4  cycles/ 
day  frequency  band  (1  cycles  per  84-124  adn).  The  spectrins  for  eating  Is 
shown  In  Figure  3.  A  substantial  peak  in  drinking  behaviors  waa  noted  In 
the  9.6  cyclea/day  band,  significantly  exceeding  randoa  variance  but  not  sig¬ 
nificantly  exceeding  the  variance  In  the  adjacent  14.4  cycles /day  band. 

DISCUSSION 

These  results  fall  to  confirm  the  results  of  Klein  and  Anal tags  (14). 
They  lend  no  airport  whatsoever  to  the  hypothesis  that  there  Is  an  about-90- 
ainute  cycle  In  performances  nodulated  by  alternating  hemispheric  dominance. 

Quits  a  few  possibilities  night  have  caused  the  Inconsistency  between 
our  results  and  those  of  Klein  and  Aral tags  (14).  Our  coaputer  presentation 


T 
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of  the  tasks  must  have  somewhat  altered  the  speed  of  responding  to  the  letter- 
and  dot-matching  tasks.  Our  demand  characteristics  were  quite  different, 
since  we  supplied  immediate  feedback  and  monetary  rewards.  Our  model  placed 
much  more  pressure  on  the  subjects,  allowing  almost  no  rest,  and  each  subject 
was  socially  isolated.  Also,  our  spectral  method  was  quite  conservative. 

In  contrast,  since  all  of  Klein  and  Armltage's  subjects  worked  In  the  same 
room,  it  is  conceivable  that  group  Interactions  (e.g.,  at  lunch)  or  inter¬ 
actions  with  the  experimenters  might  have  biased  the  results  and  degraded  the 
Independence  of  subjects.  Since  Klein  and  Armitage  found  that  three  of  IS 
tested  spectral  frequencies  were  significant,  the  96-mlnute  frequency  was  not 
the  most  prominent,  and  the  other  frequencies  found  were  not  predicted 
a  priori,  there  is  some  doubt  whether  their  statistical  approach  yields  a 
conservative  estimate  of  rhythm  detection.  A  most  striking  disparity  was 
In  the  relative  performance  on  the  dot-matching  and  letter-matching  tasks, 
where  Klein  and  Armitage  found  inversely  varying  performances  and  we  found 
positively  correlated  performances.  It  would  thus  appear  that  these  measures 
aTe  quite  sltuatlonally  sensitive,  which  raises  doubt  as  to  their  general! za- 
blllty  as  measures  of  hemispheric  dominance. 

It  is  interesting  that  we  found  some  weak  evidence  for  cycles  at  fre¬ 
quencies  of  9.6-14.4  cycles/day  in  eating  and  drinking  behaviors.  Cycles  in 
eating  and  drinking  have  been  reported  in  several  human  isolation  experiments 
(2,7,17),  and  rather  similar  cycles  have  been  described  in  primates  both  in 
isolation  and  in  social-living  models  (18,19,20,21).  Perhaps  the  similarity 
of  frequsncy  of  the  primate  cycles  is  surprising,  since  the  REM-nonREM  cycle 
frequencies  of  monkeys  are  about  twice  those  of  human  adults.  Enteric  con¬ 
traction  cycles  are  more  similar  in  frequsncy  among  species  than  are  their 
REM-nonREM  cycles  (22),  which  provides  another  indication  that  enteric  con- 
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traction  cycles  and  REM  cycles  originate  from  different  pacemakers.  Since 
feeding  cycles,  like  enteric  contraction  cycles,  seem  rather  stable  in  fre¬ 
quency  across  species,  feeding  cycles  are  more  likely  to  be  related  to  enteric 
contraction  cycles  than  to  REM-nonREM  cycles. 

The  possible  rhythm  noted  in  restroom  trips  was  not  convincing,  both 
because  the  spectral  peak  was  insignificant  and  because  this  measure  was 
highly  discontinuous.  Nevertheless,  it  is  Interesting  to  note  that  urinary 
excretion  volumes  have  been  reported  to  show  similar  cycles  (23).  Urinary 
excretion  cycles  are  also  not  strictly  associated  with  the  REM-nonREM  cycle  (24) . 

In  summary,  this  experiment  was  rather  negative  as  regards  the  hypothe¬ 
sized  waking  rhythm  in  hemispheric  dominance.  Only  very  weak  support  was 
found  for  previously  described  rhythms  in  eating  and  drinking.  Over  the 
years,  impressive  difficulties  have  arisen  in  finding  replicable  behavioral 
expressions  of  the  hypothesized  BRAC.  There  seems  to  be  sufficient  evidence 
that  some  sorts  of  cyclicity  are  found  in  waking  humans,  on  the  other  hand, 
these  cycles  are  neither  so  regular  nor  so  replicable  as  the  BRAC  theory 
might  suggest.  The  cyclic  behaviors  which  have  been  described  seem  quite 
sensitive  to  situational  factors  and  small  variations  in  experimental  designs. 
At  the  present  time,  extreme  caution  is  needed  in  generalizing  about  90-100 
minute  cycles  in  human  behavior. 
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FIGURE  1: 

The  mean  of  10  spectra  for  10  subjects,  surrounded 
by  its  95Z  confidence  limit,  is  shown  for  the  musber 
of  dot-pairs  matched  correctly.  The  ordinate  is  the 
percent  of  the  total  variance  in  each  frequency  band. 
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